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2Inserting the SM reduced helicity amplitudes one sees that the SM distribution of the polar angle  is isotropic
near the threshold.
Finally, independent information can be obtained by considering the nal-state fermion distributions in the
decay Z ! f

f . Denoting the fermion polar angle in the Z rest frame with respect to the Z ight direction in
the laboratory frame by 
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] correlations are absent.
3. Of course, these formulae are not useful unless one has expressions for the reduced helicity amplitudes in




































is the spin-J polarization tensor which is symmetric,










transverse due to the conservation of the lepton current. By choosing the most general tensor for the appropriate
spin, and comparing with Eq.(1), expressions for the reduced helicity amplitudes can be found.




























and ? denotes orthogonality to q. Projecting with the polarization vector,





















and all other reduced
helicity amplitudes vanish. Clearly, the SM is restored with the choice a
1
= 1 and a
2
= 0.
In this way, it is straightforward to write down general reduced helicity amplitudes for theories with higher












may be functions of , so the full behaviour of the cross section is still unknown. However, near threshold,
where  is small, one may make a power series expansion of these functions, and predict the steepest possible
 dependence of the cross-section in the threshold region. This prediction can be examined experimentally
allowing one to rule out certain spin states.
A full analysis of all possible J
P
states [3] reveals that every spin-parity combination yields a faster than






states. In particular, states of J < 3
and odd parity present at least a 
3







P = 1 respectively. It is therefore a simple matter to rule out the majority
of J
P
states by simply measuring the cross-section rise at threshold [4].





states mimic the linear  rise of the 0
+
state places restrictions on the reduced helicity amplitudes.
For a 2
+
Higgs boson, the term in the Z
















contributes to all possible reduced helicity amplitudes. Consequently all of the reduced helicity amplitudes
in this model are non-zero and would provide angular correlations in the decay of the Z boson, Eq.(5), in













correlations then a 2
+
state is ruled out.
The 1
+
state is even easier to experimentally disprove. Firstly, the observation of H !  decays or the
formation of Higgs bosons in photon collisions,  ! H, rules out all spin-1 assignments as a result of the
Landau-Yang theorem. In addition, the spin-parity relation among the reduced helicity amplitudes, Eq.(2),
implies that  
00

















correlation in Eq.(5), as predicted by the Standard
Model, eliminates this possibility. Finally, as with the 2
+


















also rules out a 1
+
Higgs boson.
3Non-zero spin Higgs bosons of non-denite parity (i.e. when the Z

ZH vertex is parity violating) are equally
straightforward to disprove. In this case one may no longer use Eq.(2) to obtain the simple form of the
(dierential) cross sections seen in Eqs.(3{5). In particular, the polar angle distribution, Eq.(4), is modied to
include a linear term proportional to cos , indicative of CP violation. The analysis, however, proceeds as in the
xed normality case, since the most general tensor vertex will be the sum of the even and odd parity tensors
(with appropriate phase factors). One nds that, for every spin, only one of the even or odd parity tensors
dominates at threshold, so that the procedure outlined above will also eliminate all mixed parity states with
non-zero spins.
Also observe that this measurement can very easily rule out an odd parity Higgs boson, which has at best
a  
3
rise of the cross-section at threshold. It is, however, unable to distinguish between the SM 0
+
Higgs
boson and a scalar Higgs boson of indenite parity, since their threshold behaviour will be indistinguishable.
5. The MSSM contains two Higgs doublets, and consequently ve physical Higgs states: two CP even (h
and H), one CP odd (A), and two charged Higgs bosons (H

). Clearly the lightest CP even Higgs boson spin




! Zh, exactly as for the SM Higgs boson, as described above.
The heavier Higgs bosons, however, present more of a challenge. Here I consider only the heavy neutral Higgs
bosons.










are, in this case, not useful since their cross-sections are suppressed by the square of cos(  ) making them
prohibitively small. The only process of use for this method is the production of the pseudoscalar together




! AH. However, this process, presents two major diÆculties. Firstly, we have
two unknown spins in the process (assuming that neither spin has been experimentally determined elsewhere),
giving many more dierent spin combinations which must be ruled out. Secondly, and more signicantly, in the
MSSM the decay products of the spin one virtual Z boson are scalar particles, and consequently form a P-wave,
with an expected threshold dependence  
3
. This slowly rising signal makes the threshold measurement much
more diÆcult for experiment. Furthermore, any higher spin combination which one would naturally expect to
form an S-wave, may mimic such a P-wave by having all their non-zero helicity amplitudes   at threshold.
However, one possible exploitable feature is that, since both H and A are scalars, the MSSM process has
only one reduced helicity amplitude  
00
. Consequently the dierential cross-section with respect to the polar
angle of the outgoing pair is proportional to sin
2
 (see Eq.(4)). By contrast, when one considers the possible
tensor structures for the Z

HA vertex which produce similar 
3
threshold cross-section dependences, one nds
that most also contribute other non-zero reduced helicity amplitudes resulting in [1+ cos
2
] correlations in the
dierential cross-section.
The exceptions to this rule occur when the H and A spins are identical and non-zero. In order to discount
them, one must again resort to the further decay into fermion pairs. Note that this is much more complicated
than for the SM Higgs boson since we must now consider the decay of a boson whose spin is unknown, in
contrast to the decay of the well studied Z boson. This is beyond the scope of this contribution and will be
reported elsewhere [5].
6. In summary, the J
P
quantum numbers for a SM Higgs boson can be unambiguously determined by mea-

















. The observation of a linear dependence on  at threshold eliminates






, and these last two assignments may then be









! HA can be used to experimentally verify the spinless nature of all neutral
Higgs bosons of the theory.
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